The different recycled coarse aggregate replacement rate of recycled concrete blocks are exposed to different times of freeze-thaw cycles in fresh water and concentration of 3.5% sodium chloride solution respectively, then the loss of mass and relative dynamic modulus are calculated. The influences of recycled coarse aggregate replacement rate of recycled concrete on the frost resistance are analysed. The research results show that the frost resistance of recycled concrete in the replacement rate of 30% performs the worst, and the effect of freezing thawing in sodium chloride solution on the performance of recycled concrete is worse than that in fresh water.
INTRODUCTION
The building rubbish especially the waste concrete can be recycled by using recycled concrete, and some environmental problems can be solved [1] .
The United States, Germany, Japan and other countries developed rapidly in studying on the utilization of recycled concrete, and obtained a series of achievements and actively promoted to the actual use [2] [3] [4] [5] [6] . At present the research and application of recycled coarse aggregate in China [7] [8] [9] is still in the preliminary stage, and there is no systematic study on the recycled concrete technology. Therefore, it has important practical significance to carry out research on recycled concrete technology in China.
With the development of the construction industry, the amount of buildings (structures) in the extreme environment have gradually increased, such as the bridge through the area of salt lake, offshore oil platforms and northern ocean structures. All of them have suffered extreme environmental damage [10] [11] [12] . The corrosion from external environment and other damage factors can be resisted by good durability, if the concrete has a good durability, it will play its roles better [13] [14] [15] . The frost resistance of recycled concrete by the substitution rate of different coarse aggregate is studied in this paper, and a useful reference for the practical application of the technology of recycled concrete is provided. According to this study of frost resistance of concrete, people could avoid the freeze injury of concrete as much as possible in the actual project.
DESIGN OF RECYCLED CONCRETE SPECIMENS AND TEST OF FROST RESISTENCE
1.1 Raw material and mix proportion of recycled concrete Recycled coarse aggregate and natural coarse aggregate were used in this experiment, two kinds of aggregate gradation were similar. The P.O 42.5 cement produced by Shanshui company Qingdao branch is used in this experiment. The river sand which the fineness modulus is 2.62 is used as the fine aggregate.
According to the domestic existing ordinary concrete mix ratio test and reference [16, 17] , the recycled concrete test blocks are made, which design strength is C30,and the replacement rate of recycled aggregate is 0%, 30%, 70%, 100%, and the number is RC-0,RC-30,RC-70 and RC-100 respectively. The same water cement ratio and sand ratio is used in the 4 different replacement ratio of concrete specimens, the water cement ratio and sand ratio is 0.56 and 33% respectively. Detailed mix design shown in Table 1 . -0  372  610  1238  -210  RC-30  372  610  866  372  210  RC-70  372  610  371  867  210  RC-100  372  610  -1238  210 The specimen size is 100mm × 100mm × 100mm. The production and maintenance of test specimens are carried out in the laboratory of school materials and according to The Standard of Mechanical Properties Test Method of Ordinary Concrete (GB/T50081-2002).
Fast freeze-thaw cycle test of recycled concrete specimens
At present, two experimental methods were used to study the behavior of concrete after freeze-thaw cycles. The fast freeze-thaw cycles method was adopted to investigate the behavior of different replacement rate of recycled concrete in this paper. The RC-70, RC-30, RC-100 and RC-0 of the recycled concrete test blocks are placed in the concentration of 3.5% sodium chloride solution and fresh water to suffered 0, 15th, 20th, 25th times of fast freeze-thaw cycle. Each replacement rate test piece was divided into 4 groups, and each group contains 4 test pieces. Four sets of test data is calculated for average.
Tested concrete block is in its 24 days. After a specific number of freezing and thawing cycles, the surface water is wiped, the weight is measured by high-precision electronic scale, then the mass loss rate W  is calculated; the law of d E of the concrete is studied by nonmetal ultrasonic tester, and the dynamic elastic modulus of concrete [18] P  is calculated. Four sets of data for average is calculated for the final results. W is the quality of the ith concrete specimens before freezing and thawing cycles; ni W is the quality of the ith concrete specimens after nth times freezing and thawing cycles.
Relative dynamic elastic modulus of recycled concrete specimens
In this experiment, nonmetal ultrasonic tester was used to study on the law of d E of the concrete, and the dynamic elastic modulus of concrete [19] was calculated, according to the following formula:
where: L C is longitudinal wave velocity of specimen;  is specimen medium density;  is Poisson's ratio; d E is elastic modulus of medium. The differences of the Poisson's ratio between recycled concrete and ordinary concrete is not very large shown by some studies [20] , for easy calculation, 0.2 is used as the Poisson's ratio of recycled aggregate concrete, and is the same as ordinary concrete.
TEST RESULTS AND ANALYSIS OF FROST RESISTANCE OF RECYCLED COARSE AGGREGATE CONCRETE

The experimental phenomena
After freeze-thaw cycles in fresh water and sodium chloride solution, there is a big gap in appearance between the recycled concrete test blocks with different replacement rates. Compared with the test block without freezing, the main performance is that the surface mortar is off, coarse aggregate is exposed and even peeled off, the apparent damage degree increased gradually. The most serious freeze-thaw damage is appeared in the recycled concrete test block which the replacement ratio of coarse aggregate is 30%. RC-0, RC-70, RC-100 show that with the replacement rate of recycled coarse aggregate is increasing, the damage become more serious. When the coarse aggregate replacement ratio of recycled concrete experienced the same freeze-thaw cycle, the damage degree of them in sodium chloride solution is much larger than that in fresh water. In the same times of freeze-thaw cycles, the mass loss of recycled concrete is higher than that of ordinary concrete (RC-0) shown in the Table 2 and Fig.1,  Fig.2 . Among them, the most obvious mass loss appeared in concrete RC-30. Under the action of freeze-thaw cycles in the same times in the two kinds of freeze-thaw medium, the mass loss of recycled concrete block is increased by RC-0, RC-70, RC-100 and RC-30 in turn. The mass loss of the recycled concrete blocks with different replacement rates was increased with the growing of the times of freeze-thaw cycles in two different medium. And with the growing of the times of freeze-thaw cycles, the rate of mass loss has an increasing trend. Under the same time of freeze-thaw cycles, the mass loss of freeze-thaw in sodium chloride solution of recycled concrete specimens is generally larger than that in fresh water. So when the mass loss could be used as the standard of freezing and thawing, the ordinary concrete is better than that of the recycled coarse aggregate concrete. The freezing and thawing resistance of RC-30 is worse than that of RC-70 and RC-100. Both the ordinary concrete and recycled coarse aggregate concrete in the concentration of 3.5% sodium chloride solution perform worse than that in freshwater.
Mass loss of test block after the freeze-thaw cycle
Relative dynamic elastic modulus of test block after the freeze-thaw cycle
The comparison of relative dynamic modulus of recycled concrete test blocks which suffered a certain number of freeze-thaw cycles in fresh water and sodium chloride solution is shown in the Table 3 and Fig.3, Fig.4 . A certain amount of original subtle crack is existed when the concrete block especially recycled concrete whose coarse aggregate replacement rate is high. With the increase of the times of freeze-thaw cycles, the cracks are developed and the new cracks is generated, thus the elastic modulus is decreased. After the 15th freeze-thaw cycle, the relative dynamic modulus of RC-30 concrete block is decreased rapidly, but the other replacement rate of recycled concrete block relative dynamic elastic modulus changes slowly, and the relative dynamic modulus of the test blocks in the two kinds of medium were not different. After the 20th times of freeze-thaw cycle, the relative dynamic modulus of RC-30 is still the largest, the difference between the other replacement rate of recycled concrete specimens becomes larger gradually, this difference is increased by RC-0, RC-70, RC-100, RC-30 in turn. Compared to the fresh water freezing thawing, the freeze-thaw in sodium chloride solution has more impact of the elastic modulus of recycled concrete. With the increasing times of freeze-thaw cycles, the relative dynamic elastic modulus decreased faster. In fresh water and sodium chloride solution, the relative dynamic elastic modulus of recycled concrete test blocks with different recycled coarse aggregate replacement rate show a decreasing trend with the increase of the times of freeze-thaw cycles. Compared with RC-0 concrete, the recycled coarse aggregate has a great influence on the relative dynamic modulus of concrete specimens. In two kinds of medium, the relative dynamic elastic modulus of coarse aggregate replacement ratio of recycled concrete specimens decreased with the increase of the times of freeze-thaw cycles. But because of the different replacement ratio of recycled coarse aggregate, the relative dynamic elastic modulus falling rate is also different. After the same time of freeze-thaw cycles, the relative dynamic modulus of recycled concrete block is decreased by RC-0, RC-70, RC-100, and RC-30 in turn. 
FROST RESISTANCE OF RECYCLED CONCRETE AND COMMON CONCRETE
By the data available in this paper, the loss of dynamic elastic modulus and mass of any regeneration of recycled aggregate concrete is higher than that of common concrete, indicating that the frost resistance of recycled concrete is lower than that of common concrete. This conclusion is similar to most of the related studies [21] [22] [23] . However, the mass loss and dynamic elastic modulus of recycled concrete and common concrete in this experiment are both high, the reason is that the size of the test block used in this experiment is 100mm × 100mm × 100mm (the size of standard prism specimen is 100mm × 100mm × 400mm). The small size of the test blocks has a larger contact area with freeze-thaw medium, so freeze-thaw damage is more serious. Depending on the theory of hydrostatic pressure and osmotic pressure, there will be retained water to form pores when the concrete is mixed. When the temperature drops below freezing point, the free water in the pores will freeze. Because of the expansion of the volume after freezing, it produces frost heave on the pore wall, which causes tensile stress and cracks in the surrounding concrete. With repeated freezing and thawing, the radial cracks develop gradually, and finally freeze-thaw damage occurs. As old cement mortar is attached to the surface of the recycled concrete and the original cracks is produced in the process of breaking, recycled concrete internal cracks increased, and the block has a stronger water absorption. In the process of freeze-thaw, after the frost heaving force arising, the tensile stress of the surrounding concrete becomes stronger, which makes the concrete surface gradually peel off. The loss of mass and dynamic modulus becomes larger, and the freeze-thaw damage is more serious. Therefore, the frost resistance of recycled concrete is lower than that of common concrete.
The influence of recycled coarse aggregate replacement rate on concrete frost resistance
For recycled concrete, the frost resistance is reduced by RC-70, RC-100 and RC-30 in turn. Frost resistance of recycled concrete with recycled coarse aggregate replacement ratio of 30% is the worst, Wang Wenzhong's research [24] is consistent with this study, and the reason for his analysis is that in the recycled concrete with coarse aggregate replacement ratio of 30%, the porosity of recycled and natural aggregate is different, and the porosity of recycled aggregate is larger, so the swelling shrinkage value is larger, and its performance is the worst.
The influence of freezing and thawing medium on concrete frost resistance
From test data in Table 2 and Table 3 , the loss of mass and dynamic modulus of the two kinds of concrete after freeze-thaw in sodium chloride solution were higher than those in the fresh water. Especially after the 25th freeze-thaw cycle, the mass loss rate of concrete in sodium chloride solution is almost two times higher than that of fresh water, dynamic modulus loss has the same regularity. Compared with fresh water freezing and thawing, the effect of sodium chloride solution of the concrete is worse. It is manifested in the following aspects: Firstly, the water absorption of recycled concrete increases due to the presence of salts, and the capillary wall of cement slurry absorbs the salt, resulting in different concentration of solution in the pores. The pore canal absorbs water through the tension of the pore solution, as well as the osmotic pressure caused by the difference in the concentration of the solution in the pores. The moisture of recycled concrete is more difficult to remove, so that the recycled concrete is in a state of saturation for a longer time, this will increase the damage of recycled concrete [25] . Secondly, for the early salt solution, the distribution of salt solution in recycled concrete is different, so the ice extent is different, the inner layer of frozen concrete will produce stress difference, which will lead to osmotic pressure and cause internal stress. In some cases, this kind of icing can blocking-up the flow of water, leading to stress concentration. In addition, when the recycled concrete which absorbs the salt solution in water evaporation, the salt solution in the pores is gradually saturated and the pressure is generated in the recycled concrete, so the concrete expanded and cracked. Freezing and thawing in fresh water does not have this destructive power.
CONCLUSION
1. When the water cement ratio is at the same time, the frost resistance of recycled concrete is worse than that of ordinary concrete, and the loss of mass and elastic modulus increases with the growing number of freeze-thaw cycles.
2. The frost resistance of recycled concrete with different replacement rate is decreased by RC-70, RC-100 and RC-30 in turn. Recycled concrete which replacement rate is 30% has the worst frost resistance.
3. Compared to the fresh water freeze-thaw cycles, the effect of concentration of 3.5% sodium chloride solution on ordinary concrete and recycled concrete is worse. Mainly manifested as erosion more serious, mass loss and elastic modulus decreased more rapidly.
